ated radiocarbon age estimates, recent research has focused on luminescence dating ceramics (Feathers 2009 ) and accelerator mass spectrometry (AMS) 14 C dating of ceramic residues (Berstan et al. 2008) and shell temper (Peacock and Feathers 2009; Robinson and Bulhack 2006) .
In this essay, we focus on testing the reliability and accuracy of AMS 14 C dating shell fragments from shell-tempered ceramics. Despite the occurrence of shell-tempered ceramics in sites around the world (Cochrane 2002; Maritan et al. 2005; Peacock and Feathers 2009) number (n = 12) of AMS 14 C assays have been published on shell temper (Peacock and Feathers 2009; Robinson and Bulhack 2006) . AMS assays from shell-tempered ceramics, luminescence dates, and other radiocarbon age estimates from the Mississippi River Valley demonstrated that AMS dating shell-tempered ceramics yielded reliable age estimates, but the lack of a reservoir correction left questions about the accuracy of age estimates on shell temper compared with those derived from charcoal and other materials (Peacock and Feathers 2009) . Moreover, AMS age estimates of two shell-tempered ceramic fragments from Chesapeake Bay were ~2,000 years older than a 14 C age estimate on residue, perhaps a result of "old shell" (see Rick et al. 2005 ) used for temper (Robinson and Bulhack 2006:7) . Here we build on these previous studies by analyzing a suite of 45 direct 14 C assays on shell-tempered pottery and associated shell, bone, and charcoal from nine archaeological sites in Virginia and Maryland ( Figure 1 ).
Context
A variety of ceramic tempers were used prehistorically in North America, including sand, fiber, limestone, and shell. Shell-tempered ceramics are widely distributed during the Late Woodland and Mississippian periods throughout the Middle Atlantic, the Gulf Coast, and Midwestern river valleys and into the Great Plains (Feathers 2006; Feathers and Peacock 2008) .
Ceramics appear in the Middle Atlantic region by ~1300-1000 cal B.C., 1 with a variety of sand-, steatite-, and shell-tempered ceramic types found during the Woodland period and most of these dated by radiocarbon associations (Custer 1989; Dent 1995; Egloff and Potter 1982; Griffith 1982; Stewart 1998) . Mockley and Townsend wares are the best-documented and -described shell-tempered ceramics in the Middle Atlantic, but a few other types have also been identified in parts of the region (Waterlily Plain, Bushnell Plain, and Clagget). Shell-tempered Mockley Ware is generally thought to have appeared in the Middle Atlantic sometime around cal A.D. 100-500 (Custer 1989: 174; see Herbert 2008 for a review). Mockley vessels (Middle Woodland) are coil constructed with thick walls, with an often clayey paste and oyster (Crassostrea virginica) shell temper particles from < 1 to 15 mm (Herbert 2008) .
Radiocarbon age estimates from northern North Carolina suggest that small amounts of poorly described shell-tempered Currituck and Waterlily Plain ceramics may date to ~900-400 cal B.C. (two sigma) or possibly earlier (Painter 1977 (Painter , 1978 , nearly 1,000 years before Mockley Ware, but these age estimates have been questioned because of a lack of detailed excavation data and records (Herbert 2008:267-268) . Bushnell Plain ceramics also appear to date to the Early Woodland period (~1000 cal B.C.) and are tempered with schist, grog, fiber, steatite, and a few particles of shell and bone, but more research is needed to better define the age of this pottery type (Waselkov 1982) . Custer (1989:174-175 ) discusses shell-tempered Clagget ceramics that are similar to late-occurring, thin-walled, shell-tempered Mockley ceramics.
In the Middle Atlantic region, like other areas of eastern North America, the use of shell-tempered ceramics greatly increases during the Late Woodland period (Feathers 2006; Herbert 2008) . Shell-tempered Townsend ceramics are the dominant Late Woodland ceramic type in the coastal Middle Atlantic (Gallivan 2011; Herbert 2008) . Townsend ceramics (Late Woodland) are coil built using a paddle and anvil method and include a variety of different "thin-walled" subtypes, but most are fabric impressed, plain, stamped, incised, or punctated and tempered with oyster and occasionally mussel shell (Herbert 2008) .
Materials and Methods
We sampled shell-tempered pottery from nine shell middens, covering different types, locations, Sample numbers correspond to sample numbers in Table 2 and Figures 4-8. Analysis is still ongoing for some of these assemblages, and it is possible that other pottery types may be identified. (Rick et al. 2011; Walker 2003) , and two sites (44NH440 and 44NH478) are from Virginia's Eastern Shore (Lowery 2003) . Shell-tempered pottery fragments recovered during excavation and surface collections at the sites include Townsend, Mockley, and Waterlily/Currituck wares, as well as a few other pottery types not tempered with shell (Table 1) . Sixteen ceramic fragments were selected for AMS 14 C dating, including 12 from excavated contexts that have been 14 C dated and four from the site surface. All ceramic fragments were washed in tap water, measured, weighed, and photographed prior to sampling for radiocarbon dating. A fragment of shell was removed from each sample by manually breaking the ceramic and removing the shell fragment. As much of the adhering ceramic as possible was removed from the shell. Although oysters, clams, and other shellfish are relatively short-lived (< 20 years), individual shell growth bands may produce intrashell differences in radiocarbon dates because of seasonal variability in upwelling and other processes that could produce as much as 100-to 250-year differences in ∆R (Culleton et al. 2006) . 2 To minimize the possibility of intrashell variability, we sampled across multiple shell growth bands, but this was more difficult for small fragments. Fifteen shell samples were sent to the National Ocean Sciences AMS (NOSAMS) Laboratory at Woods Hole Oceanographic Institute, and one sample was sent to Beta Analytic, Inc. At NOSAMS and Beta, the samples were powderized and lightly etched in HCl. Details of the laboratory procedures are available online (http://www.whoi.edu/ nosams/ and http://www.radiocarbon.org).
Twenty-nine associated radiocarbon assays on shell, charcoal, and bone are available from the same stratigraphic context or from the same excavation unit and level that yielded the pottery being tested (Table 2) . While shell middens often have complex stratigraphy and some of the sites have multiple components (Lowery 2003; Rick et al. 2011; Walker 2003) , care was taken to ensure that all samples (except surface finds) were from the same stratigraphic context or as close to one another as possible. Seventeen marine shells collected in situ from excavated deposits at the sites were 14 C dated by NOSAMS and Beta Analytic (see Rick et al. 2011) . Seven carbonized plant remains or charcoal fragments from the Late Woodland component at 18DO220 were 14 C dated by Beta Analytic (Walker 2003) . Charcoal and terrestrial mammal bone collagen samples from the Early Woodland deposits that produced the shell-tempered ceramics at 18DO478 were also AMS 14 C dated by Beta Analytic (Mike Barber, personal communication 2012) . Finally, a single charcoal fragment from the excavated deposits at 18DO440 was AMS 14 C dated by NOSAMS.
Reservoir corrections for marine samples from the Chesapeake Bay region vary by subregion, especially for the eastern and western shores (Rick et al. 2012) . While ∆R values vary as much as 200 years and do not take into account changes through time, they correlate well with the bay's geography Ramsey 2009 Ramsey , 2011 , and ∆R values were obtained from Rick et al. 2012 , except the Rhode River value, which is first presented in this article. a All dates from 18DO220, except *DO220f and *DO220g, are from Walker 2003. and are effective when appropriate subregional corrections are used (Rick et al. 2012) . All age estimates in our study were calibrated using OxCal 4.1 (Bronk Ramsey 2009 Ramsey , 2011 , applying the Marine09 or IntCal09 calibration curves (Reimer et al. 2009 ) and a ∆R of -88 ± 23 years for shell samples from Dorchester County, 118 ± 21 for Anne Arundel County, and 2 ± 46 for Northampton County (see Rick et al. 2012) .
Results
The 45 14 C assays obtained on shell, shell temper, carbonized plant remains, and bone yielded age estimates ranging from as early as 1340 cal B.C. to as late as cal A.D. 1540 (Table 2 ). The associated and direct 14 C assays for the various ceramics generally overlap, with one exception, site 18AN287. Four radiocarbon age estimates from 18AN286, including two associated with marine shell subsistence refuse and two obtained directly from shell temper, have a tight correlation and significant overlap at two sigma ( Figure 2 ). These age estimates, ranging from cal A.D. 1340 to 1540, are also in line with the known age range of Townsend ceramics. Six assays from 18AN287, including four associated and two direct assays, however, suggest that the shell temper age estimates are roughly 100-500 years older than the subsistence remains. The differences in these estimates could be from the use of "old shell" to make temper, from variability in ∆R, or from intrashell variability in 14 C ages. It is also possible that these shell temper age estimates represent a slightly older site component, but this seems unlikely because the associated and direct assays were obtained from specimens found in close proximity to one another and in a relatively thin and discrete shell midden. The 25 age estimates from Dorchester County include assays from four sites dating to the Late Woodland between cal A.D. 870 and 1320 and one site (18DO130) dated to the Middle Woodland at cal A.D. 330 to 670. Individual direct and associated assays from each of the five sites overlap at two sigma (Figures 3 and 4) , with no evidence of distinct outliers or problematic samples. The age estimates of the dated specimens also correspond with known age ranges for Townsend and Mockley ceramics. Two assays from 44NH440, including one from a charcoal specimen and one on hard clam (Mercenaria mercenaria) temper, overlap at two sigma (cal A.D. 410-660) and correspond with the known age range of Mockley ceramics (Figure 5) . Eight age estimates, including seven associated assays on shell, charcoal, and bone and one on scallop (Argopecten irradians) shell-tempered ceramic from 44NH478, overlap at two sigma ( Figure 6 ). The scallop shell age estimates from the site run slightly older, perhaps suggesting minor differences in the ∆R for this species. These assays currently provide the oldest definitive age estimates for shell-tempered ceramics in the Middle Atlantic and eastern North America at ca. 1000 cal B.C., with a twosigma range of ca. 1340-700 cal B.C. These estimates are comparable to Painter's (1977 Painter's ( , 1978 radiocarbon age estimates for shell-tempered Currituck/Waterlily Plain wares from northern North Carolina at ca. 900-400 cal B.C., demonstrating that shell-tempered pottery was being used along the southern portions of the Chesapeake Bay and northern North Carolina during the Early Woodland period (see also Herbert 2008) . 
Conclusions
Previous studies raised questions about the potential effects of "old shell" and the reservoir effect on 14 C-dated shell temper (Peacock and Feathers 2009; Robinson and Bulhack 2006) . We applied ∆R corrections to shell samples, and with one exception, the results of our study show consistent overlap in the direct shell temper and associated 14 C assays. This includes age estimates obtained on charcoal, shell, and bone from different portions of the Chesapeake and from different pottery types. Although the estimates from 18AN287 appear to be too old by 100-500 years, these were readily identified through comparison with the age estimates of subsistence remains from the site. While problems of old shell, intrashell variability, or possibly a slightly earlier cultural component are likely causes of this discrepancy, differences in age estimates like these can also occur when dating charcoal and shell used for subsistence or other activities from the same site and do not raise a systematic problem with dating shell temper. Problems of old shell may be more difficult to identify if the specimens were from a museum assemblage, surface find, or other context without associated assays. Luminescence dating and, if present, AMS dating of carbonized residues offer another way of independently verifying ceramic ages. If researchers follow good chronological hygiene practices (Fitzpatrick 2006) and obtain multiple assays from a site or pottery type, direct AMS 14 C dating of shell temper is an important tool that can help refine artifact, site, and regional chronologies around the world and provide new insight into human cultural developments. Although our focus here is methodological, our research also provides insight into the antiquity and appearance of shell-tempered ceramics in the Middle Atlantic and elsewhere in eastern North America. Analysis is ongoing, and more research is needed on shell-tempered ceramics, but our age estimates from 44NH478 support the Early Woodland antiquity of shell-tempered Currituck and Waterlily Plain wares, providing definitive evidence for shell tempering in the southern portions of the Middle Atlantic by ~1000 cal B.C. Continued analysis of ceramics throughout eastern North America will undoubtedly provide new insight into the appearance and evolution of this important technology, and AMS 14 C dating of shell-tempered ceramics is a powerful tool to help inform this endeavor. Tables 1 and 2. 
